Introduction
It is well known that polydipsia related with hyperglycemia is commonly found under the diabetic condition. It may reasonably be assumed that such a situation has a marked influence on the function of the salivary gland, since fluid with the volume almost comparable to that of the urine is excreted from the salivary gland in the case of healthy human subjects. However, only a few studies have been made on the function of the salivary gland in relation with diabetes [1, 2, 3] .
In the present study, the author examined the activity of several enzymes for carbohydrate metabolism in the rat submaxillary gland under the experimental diabetic condition. In vitro study was also performed if insulin had a direct effect on the salivary gland. Streptozotocin (40mg/kg) was intravenously injected into the rat. The submaxillary glands were removed from animals 4th day after the injection of streptozotocin. 3.2 On the other hand, in vitro experiment was undertaken to clarify if such a change in the enzyme activity in the submaxillary gland was due to the direct effect of the insulin deficiency or secondary one following the metabolic disturbance under the diabetic condition. As shown in Table 2 , the activity of hexokinase as well as that of glucose-6-phosphate dehydrogenase was increased by the addition of insulin to the incubation medium, the increase being marked in the latter case.
Discussion
The amount of salivary flow is a sensitive index of the state of hydration of the living body. Dehydration and decreased salivary secretion may result from decreased fluid intake or excessive loss of fluid. The reduced salivary secretion may also result from various factors affecting the secretory process, including atrophy of the salivary gland tissue [9] . It has been known that balance of hydration and dehydration is disturbed in diabetes mellitus. However, few study have been performed so far on the changes in the salivary gland under the diabetic condition, though numerous studies have been carried out morphologically and biochemically on the changes in various tissues. Shafer et al. [10] described that the xerostomia in diabetic patients was caused by systemic dehydration as a result of hyperglycemia-induced diuresis. Xerostomia, reduced salivary flow causes symptoms in oral cavity (e.g. increased caries, periodontal disease) and difficulties in physiological function (e.g. difficulty in chewing and swallowing). TAKAOKA et al. [2] reported on the hypertrophy of the parotid gland in patients with diabetes mellitus. FREUDENBERG [1] also observed the enlargement of the parotid gland associated with diabetes mellitus in the clinical observation. On the other hand, Liu and LIN [3] observed atrophy of the submandibular and parotid glands in the alloxan-induced diabetic rat.
The present study indicated that the submaxillary gland of the rat was atrophied by the induction of experimental diabetes by streptozotocin. In addition, the activities of enzymes for carbohydrate metabolism were significantly decreased by diabetes.
These findings indicate that the submaxillary gland may be sensitive either to insulin deficiency or to hyperglycemia. Since the enzyme activity was expressed as the specific activity (activity per protein in the supernatant fraction) and the amount of the protein per tissue was almost unchanged, the total activity of three enzymes in the gland of the diabetic rat was about a half of or less than that of the control for all the three enzymes. Such a decrease in the enzyme activity may result in the hypofunction of the salivary gland, which in its turn, may lead to the aggravation of the systemic symptoms. The results of the in vitro experiment revealed that such a change in the submaxillary gland brought about by diabetes might be due to the insulin deficiency, since the activity of both hexokinase and glucose-6-phosphate dehydrogenase was increased by the addition of insulin to the incubation medium. To the author's knowledge this is the first report showing the direct effect of insulin on the salivary gland. It seems to be of interest whether such a change in the enzyme activity is simply a pathological feature of diabetes or some kind of the adaptation of the body related to polydipsia or xerostomia.
More detailed systematic investigations to examine the changes of these enzymes of the gland in diabetic condition or in insulin treatment are now in progress.
The changes of activities of hexokinase, lactate dehydrogenase and glucose-6-dehydrogenase were examined in the submaxillary gland of streptozotocin-induced diabetic rats and in that treated with insulin in vitro. Atrophy of the submaxillary gland and the decreases in activities of those enzymes were observed in the diabetic rats. On the other hand, activities of those enzymes were increased by insulin. It was discussed that findings may be related to the oral physiological dysfunction and several symptoms caused in the oral cavity in patients with diabetes mellitus.
